Longitudinal prevalence, the proportion of all days of observation that a given individual manifests symptoms of illness, is a measure of disease frequency that is easy to generate from daily morbidity data and has been shown to be strongly related to subsequent health outcome. It is hypothesized that this measure could be derived using a representative sample of days of observation rather than continuous surveillance. The authors use 1990-1991 data from a Brazilian supplementation trial comprising a year's daily records of the occurrence of diarrhea, fever, and cough in 906 children under 5 years of age to examine how many days of morbidity data need to be observed to rank subjects into quintiles of illness frequency. Systematic samples of the full data set, based on every 2nd, 3rd, 5th, 10th, 15th, 20th, and 30th day of data, are compared with the continuous record. For diarrhea and fever, estimates based on less than 72 days of observation result in over one fourth of individuals who should have been in the extreme quintiles of the morbidity distribution being misclassified, and over one fifth of all subjects appear (falsely) to suffer no morbidity. Estimates of longitudinal prevalence should be based on at least 72 days of observation. Am J Epidemiol 1998;147:1087-92.
The burden of illness resulting from common diseases such as diarrhea, upper respiratory infections, or malaria may be described in terms of the number of new episodes experienced (incidence), the duration and severity of these episodes, or the proportion of all days on which symptoms of the illness are present (days with symptoms -H total number of days of observation) (1) . Both incidence and the proportion-oftime-ill measure may be calculated either for groups of individuals or separately for each individual studied. We have previously suggested that, when assessed at the level of the individual, the proportion-of-time-ill measure could be termed longitudinal prevalence (2) . We showed that, in young Ghanaian children, longitudinal prevalence of diarrhea was more predictive of poor growth and subsequent mortality than was the number of diarrhea episodes experienced over the same period of time (2) , and various other authors have shown that the longitudinal prevalence of both diarrhea and other illnesses such as respiratory infections and fever is negatively associated with growth in young children (3) (4) (5) (6) .
In addition to being strongly related to subsequent health outcome, the longitudinal prevalence measure is extremely easy to generate from daily morbidity data and avoids some of the complexities involved in defining an illness episode (7, 8) . We have hypothesized (2) that, since longitudinal prevalence is no more than a measure of the proportion of days on which a given individual suffers symptoms of illness, it may not be necessary to assess illness status on every single day of the follow-up period and that a representative sample of days may suffice. Beall and Cobb (9) investigated the efficient characterization of morbidity experience at the population level. They suggested that, for a condition such as rheumatoid arthritis, the population distribution of longitudinal prevalence, which they called "proportion of time in episode" (or Protep), could be adequately estimated from information obtained on two different occasions. It remains unclear, however, how many days of observation are needed to achieve an adequate characterization of morbidity experience at the individual level. In particular, is it possible to abandon daily records in favor of sampling days at random without giving rise to serious misclassification of individuals within the population? In this article, we use data collected during a year-long study of the impact of vitamin A supplementation on common childhood illness in northeast Brazil to examine how many days of morbidity data need to be observed in order to rank children into quintiles of illness frequency without significant misclassification.
MATERIALS AND METHODS

Study population and data collection methods
The analysis presented here uses data collected during the course of a population-based, randomized, placebo-controlled trial of the impact of vitamin A supplementation on diarrhea and acute lower respiratory infections in young children in northeast Brazil. The study has been described in detail by Barreto et al. (10) .
In brief, 1,240 children aged 6-48 months and living in the poorer neighborhoods of Serrinha, a small town in the semiarid zone of the State of Bahia, were given supplements of vitamin A or placebo every 4 months and monitored for morbidity for 1 full year (December 1990 to December 1991). The children were visited at home by nonmedical fieldworkers three times each week (Monday, Wednesday, and Friday or Tuesday, Thursday, and Saturday), and detailed interviews were conducted about the child's health over each dawn-to-dawn 24-hdur period since the last scheduled visit (a maximum recall period of 72 hours). Among other questions, fieldworkers inquired about the presence or absence each day of diarrhea (diarreid), fever (febre), and cough {tosse). No attempt was made to influence the mothers' interpretation of these terms. A randomly selected 10 percent of morbidity interviews were repeated by senior supervisors, and discrepancies were checked in the field. Every completed form was reviewed twice before data entry, first by a specially trained fieldworker and then by the area supervisor. Throughout the study, 10 percent of all data were double-entered in order to maintain a high level of accuracy in the computer center.
The present findings are based on 906 children who had between 363 and 365 days of morbidity data available for analysis. The remaining children had slightly less complete morbidity records because of temporary absences or migration out of the study area, and they were excluded from the current analysis.
Derivation of study variables and statistical methods
"True" longitudinal prevalences of diarrhea, fever, and cough were calculated for each study subject separately by dividing the total number of days on which the child's caregiver reported the presence of symptoms by the number of days for which this information was available (363-365 days in each case). It is assumed in this analysis that there was minimal error in mothers' recall of their children's health status over the 1 or 2 days preceding the interview. The longitudinal prevalence estimates were then recalculated using only a systematic sample of all available data: first, they were calculated using every second day of data for each individual (182 days of data, on average); then using every third day of data (121 days); and then every 5th, 10th, 15th, 20th, and 30th day of data. This procedure mimics the results that would have been obtained if 24-hour prevalence data had been collected at regular, intermittent intervals rather than continuously for the whole year. The longitudinal prevalences are expressed as percentages throughout.
The distributions of these longitudinal prevalences in the full group of 906 children were summarized using medians and upper and lower quintile boundaries (the 20th and 80th percentiles of the distribution), since this approach permits evaluation of both the shape and the dispersion of the distribution, without being unduly influenced by extreme values (11) . Grouping of continuous exposure variables into quintiles has become virtually standard practice in some areas of epidemiology, particularly nutritional epidemiology. Longitudinal prevalences based on systematic samples of the data were compared with the "true" values using Spearman's rank correlation coefficients (11) . Logistic regression (12) was used to investigate the dependence of individuals' disease status on day t of their previous status on days t -\,t -2, t -3, and t -4. An arbitrary selection of t = day 182 of the study was made for the purpose of this analysis. All analyses were conducted using SPSS/Windows (SPSS, Inc., Chicago, Illinois).
RESULTS
Distributions of diarrhea, fever, and cough in the study population and episode durations
One-year longitudinal prevalences of diarrhea, fever, and cough were calculated for each individual using all available data, and the distributions of these measures are shown in figures 1 (diarrhea), 2 (fever), and 3 (cough). The median longitudinal prevalences were 3.8 percent (diarrhea), 3.0 percent (fever), and 19.5 percent (cough). Although the median longitudinal prevalences of diarrhea and fever were similar in magnitude, diarrhea was slightly more clustered in a subgroup of high morbidity children than was fever: the sickest 10 percent of children experienced 37.2 percent of all days of diarrhea, while for fever, the sickest 10 percent of children experienced only 31.7 percent of all days sick. Conversely, 46 children (5.1 percent) experienced no diarrhea at all over the whole year, whereas only 17 children (1.9 percent) experienced no fever. The average durations of episodes of diarrhea, fever, and cough were 3.1 days, 5.1 days, and 4.1 days, respectively.
Impact of reducing the number of days of observation on the estimated distribution of longitudinal prevalences
Median longitudinal prevalences of diarrhea, fever, and cough, estimated using all available data, and those based on systematic samples of every 2nd, 3rd, 5th, 10th, 15th, 20th, and 30th day of data are shown in table 1. The upper and lower quintile boundaries are also shown. For all three conditions, 36 days of observation were sufficient to estimate the median longitudinal prevalence to within one percentage point of the "true" value. To achieve a relative accuracy of better than 10 percent, >36 days of observation were required for diarrhea, > 182 days for fever, and > 18 days for cough. With few days of observation (36 for diarrhea, 72 for fever), the lower quintile boundaries of the distributions of the longitudinal prevalences of these two rarer illnesses were incorrectly estimated as zero. The proportion of children classified as experiencing no illness at all over the period of observation increased dramatically as the number of days of observation per child was reduced (table 2) . With daily records, only 5.1 percent of all children suffered no diarrhea at all during the year of observation; this increased to 19.1 percent when the analysis was restricted to every 5th day of morbidity data (72 observations per child) and 57.5 percent when the analysis was restricted to every 30th day (12 observations per child). A similar pattern was observed for fever. For cough, however, this effect was only noticeable when 36 or less days of observation were used, since the overall prevalence of cough was much greater than for the other two conditions.
Impact of reducing the number of days of observation on the ranking of individuals within a population
We used Spearman's rank correlation coefficient to determine whether children with relatively high "true" longitudinal prevalences of illness also tended to show relatively high burdens of morbidity when the longitudinal prevalence measures were calculated using only a systematic sample of the data. Rank correlations of below 0.9 were obtained using a sampling interval of 10 days or more for diarrhea, 5 days or 1.1-10.2)*  3.8(1.1-9.9)  4.1 (0.8-9.9)  4.1 (1.4-9.7)  2.8(0.0-11.1)  4.2(0.0-12.5 1.4-6.3)  2.7(1.1-6.0)  3.3 (0.8-6.6)  2.8(1.4-6.8)  2.8(1.4-6.8)  4.2 (0.0-8.3 9.0-37.1)  19.2 (8.8-36.8)  19.8 (9.1-36.4)  19.4 (8.3-37.0)  19.4(8.3-36.1)  20.8 (8.3-37.5)  22.2 (5.6-38.8) 
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Upper and lower quintiles of the distribution, expressed as percentage. 14.7 more for fever, and 30 days or more for cough. Similar results were obtained when the analysis focused on the proportion of children correctly classified into the extreme quintiles of morbidity distributions (table 3) . With sampling intervals of 5 days or more for diarrhea or fever and 20 days or more for cough, approximately one fifth of the children who should have been in the extreme quintiles of the morbidity distribution (as determined by the daily record) were erroneously classified into quintile 2, 3, or 4. However, no children were grossly misclassified (i.e., moved from the upper to the lower quintile of the distribution, or vice versa).
Impact of sampling consecutive days
The results cited in the previous paragraphs are based on a systematic sample of days of observation spaced over a whole year. We suspected that, because of serial correlations in morbidity status (nonindependence of consecutive days assessed on the same individual), a greater number of days of observation would be required to rank individuals in studies using consecutive days of morbidity assessment than would be the case in studies taking systematic or random samples of days of observation over a longer period of time. In order to test this, we used logistic regression to examine the association between morbidity status on an arbitrarily chosen day t (in this case, day 182 of * Numbers in parentheses, number correctly assigned to extreme quintilss/number in extreme quintiles in the true distribution.
t Study subjects could not be classified into equal quintiles because more than 20% appeared to suffer from no illness at all. ability of our "gold standard" to truly reflect the morbidity burden of the study population and 2) the absence of regular short-term cyclical variations in the morbidity data that would distort our "reduced sample" estimates. With regard to the first point, the Serrinha study was unusual in having thrice-weekly home visits and exceptionally rigorous quality control. Previous studies (15, 16) would suggest that problems of poor maternal recall do not tend to be excessively severe with recall periods of 72 hours or less. Furthermore, no "heaping" is evident in the distributions of longitudinal prevalences shown in figures 1-3. With regard to the second point, our systematic samples all included interview days and noninterview days in the same proportions as the continuous record, so we believe that they are equivalent to truly random samples of days of observation.
We used the proportion of individuals who were not correctly classified into extreme quintiles of the morbidity distributions as our principal measure of misclassification. It has previously been shown that, given certain distributional assumptions, there is a one-toone relation between the correlation coefficient r and the proportion of individuals correctly classified in extreme thirds, fourths, and fifths of the distribution (17) . Correlation coefficients of less than 0.9 were deemed unacceptable, because they were associated with very significant misclassification; this would be sufficient to distort true associations between the longitudinal prevalence of morbidity and outcomes such as growth, cognitive development, or mortality (18) .
Our data suggest that, for relatively infrequent diseases with prevalences of less than 10 percent (such as diarrhea and fever in the population studied), longitudinal prevalence estimates should be based on at least 72 days of observation. With very common symptoms (prevalences of 20-30 percent, such as cough in the population here described), as few as 18 days of observation may be adequate to rank individuals without severe misclassification. Because of the very strong serial correlations in morbidity status, repeat sampling of morbidity status should be based on days separated by at least the duration of the average episode of illness in order to ensure independence of the days of measurement. This approach to the measurement of disease burden will be efficient when longitudinal prevalence is the measure of interest but may not be suitable for studies in which the estimation of disease incidence or duration is of primary importance.
the study) and status on days t -1, / -2, t -3, and t -4. Table 4 shows that, for each of diarrhea, fever, and cough, the presence of the symptom on day t -\ dramatically increased the chance of the symptom's being recorded on day /, after adjusting for the age of the child. For example, a child with cough on day 181 of the study was approximately 130 times more likely to have cough on day 182 than a child free of cough on day 181. For diarrhea and fever, the presence of the symptom on days t -2 and t -3, but not on day t -4, was associated with small increases in the risk of the symptom's being present on day /, after adjusting for the experience of the intervening day(s). For cough, the presence of the symptom on days t -2, t -3, and / -4 was associated with small increases in the risk of the symptom's being present on day t.
DISCUSSION
Longitudinal prevalence, the proportion of all periods of observation that a given individual shows symptoms of illness, is a measure of disease frequency that has been used by numerous authors to investigate associations between common morbidities and growth in young children (3) (4) (5) (6) . We have recently shown that, in young Ghanaian children, longitudinal prevalence of diarrhea is a better predictor of growth faltering and subsequent mortality than is diarrhea incidence (2). Other applications, such as the determination of the impact of morbidity on cognitive development (13) or pregnancy outcome (14) , are also likely to become important. Although methods have been suggested for estimating the distribution of longitudinal prevalence at the population level (9), the implications of using shorter or longer periods of observation to characterize the morbidity experience of individuals within a population have not, to our knowledge, been previously examined.
In this study, we investigated the validity of estimates of the longitudinal prevalences of three different symptoms, based on a systematic sample of days over a 1-year period, compared with a "gold standard" of continuous records. Our systematic sample estimates included every 2nd day of records, every 3rd day, every 5th day, and every 10th, 15th, 20th, and 30th day, thus mimicking study designs based on intermittent reevaluation of individuals' current illness status, with seven different recording frequencies. Such designs would be attractive to researchers, because they are cheaper than studies using daily morbidity surveillance and yet do not rely on retrospective data of dubious reliability (15, 16) . However, our data show that estimates of longitudinal prevalence based on relatively few days of observation (i.e., less than 72 days of morbidity data) have poor validity for relatively uncommon symptoms, such as diarrhea or fever, in the population we studied. This is because large numbers of individuals will be misclassified as "disease free," and over a quarter of those individuals who are in the extreme quintiles of the morbidity distribution will be erroneously assigned to other quintiles. These problems are less significant for common symptoms, such as cough, in the population we studied. In other populations or in different age groups, the prevalences of these conditions may be very different. In deciding how many days to sample, investigators will need to focus on the anticipated prevalence of the condition they wish to study. Estimates of this prevalence may be available from other studies or might be obtained from a small cross-sectional survey.
The validity of our analyses depends on 1) the 
